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DEVICE AND METHOD FOR SEMANTIC
ANALYSIS OF DOCUMENTS BY
CONSTRUCTION OF N-ARY SEMANTIC
TREES

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a National Phase Patent Application of
International Application Number PCT/FR2006/001055,
filed on May 11, 2006, which claims priority of French Patent
Application Number 0504763, filed on May 12, 2003.

BACKGROUND

The invention relates to the field of automatic analysis of
documents and the use of the results of such analyses.

By “document™ 1s meant here a set of data representing,
known or recognisable characters. It may be, 1n particular, a
text made up of an ordered sequence of verbal entities such as
words, groups of words, figures or alpha-numeric groups, for
example.

Moreover, the term “analysis” here means any type of
check intended to determine whether a document has a mean-
ing, possibly taking into account 1ts context.

Moreover, the phrase “use of the results” here denotes any
operation or process that can be applied to an analysed docu-
ment, for example with a view to translation, optionally
simultaneous, or with a view to information filtering (for
example within the framework of electronic messaging man-
agement) or for the purpose of correcting spelling and/or
grammar, or with a view to transcribing voice dictation, or for
the purpose of generating texts (such as abstracts or summa-
ries), or for the purpose of carrying out a search, using a
search engine, into textual information accessible on private
or public network servers (such as internet servers).

Numerous applications can be used to process plain lan-
guage. They are based on different techniques such as, for
example, syntax analysers, semantic networks or Bayesian
models, sometimes associated with neuronal networks or
modal fuzzy logic.

These techniques have certain advantages over first gen-
eration search engines which were limited by the use of key
words.

However, 1n some fields, these techniques are 1nadequate
or even useless 1n the matter of the processing of plain lan-
guage owing to the fact that they neglect some of the infor-
mation contained 1n the documents that are to be analysed.

SUMMARY OF INVENTION

This results essentially from the major difficulty which a
machine encounters in automatic processing of plain lan-
guage because of its ambiguity and polysemy. The term
“ambiguity” denotes a statement which has a number of inter-
pretations and the term “polysemy” denotes words which
have a number of meanings (polysemy 1s one source of ambi-
guity among others).

In fact, 1t 1s extremely difficult or even impossible to model
language without modelling meaning. Moreover, as meaning
1s nothing when it 1s not understood, automatic processing
should integrate modelling of the mechanisms of human
understanding of meaning. In fact, it 1s not even known 1f
human understanding can be modelled.

As no known technique was entirely satistactory the inven-
tion therefore sets out to improve the situation and 1n particu-
lar to allow the correct interpretation of a document by auto-
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2

matically evaluating the role played by each of the verbal
entities (or words) which make up this document (such as a
text) in terms of syntax, semantics and context.

To this end it proposes a device for semantic analysis of
documents, comprising a structural and semantic database
and a document interpreter which has the task of determining
whether a document has a meaning, using the database.

This device for semantically analysing documents 1s char-
acterised 1n that 1its document interpreter comprises:

an n-ary tree controller tasked with constructing a struc-
tural n-ary tree from the breakdown of a document
which 1s to be analysed into an ordered series of verbal
entities and structural and/or semantic constraints, the
n-ary structural tree comprising a root node formed by a
primary governming verbal entity, and structures formed
from a secondary subordinate verbal entity and attached
cither directly or indirectly to the root node by a link
having at least one connectional characteristic, a second-
ary subordinate verbal entity being in turn capable of
becoming a governing verbal entity,

a semantic tree controller tasked with determining, at least
from the structural n-ary tree and the database, categor-
1sing entities of the object type and activity type, acti-
vated by certain nodes of the n-ary tree, 1n order to
construct a semantic tree provided with principal nodes
made up of the categorising entities of object and activ-
ity and linked by semantic relations arising from con-
nectional characteristics ol the n-ary tree and with which
attributes are associated as a function of the character-
1stics ol the other nodes of the n-ary tree and their respec-
tive links.

In other words, the semantic tree controller 1s tasked,
firstly, with transforming each n-ary (structural) tree mnto a
semantic tree, secondly, extracting from 1t categorising enti-
ties, by creating semantic links between categorising entities
extracted on the basis of the interpretation of the structural
links that link the verbal entities which have activated these
categorising entities, and thirdly by assigning to each
extracted categorising entity a list of at least one attribute
according to a model (or pattern) defined by a lexicon.

The term “lexicon” here denotes a list of entries (the verbal
entities) each defined by:

categorising structural characteristics, for example verb,
noun, etc., gender, number, etc., and/or

structural constraints, 1.e. agent diagrams (connection
potentials), and/or

generic semantic characteristics, 1.e. a breakdown to the
underlying ontologies, and/or

semantic constraints specific to each structural class, 1.e.
semantic compatibility relations which exploit the
generic semantic characteristics, and/or

lexical functions, and/or

patterns (each having a semantic connection model and a
list of properties (or attributes)) serving as models 1n the
construction of the nodes of the semantic tree.

Moreover, a constraint 1s a regulated link defining a con-
nectional characteristic.

It 1s also optionally possible to assign to the attributes
values obtained from the nodes of the n-ary tree which have
not yet been exploited.

By “categorising entity of the object type” 1s meant here an
abstraction obtained (essentially) by categorising objects 1n
the real world (such as for example a table, a star or a rose) or
abstract 1deas which function as metaphors for real objects
(such as feelings, for example), generally referenced by
nouns (the converse 1s not necessarily true).
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Moreover, the term “categorising entity of the activity
type” here refers to an abstraction obtained (essentially) by
categorising actions in the real world (such as for example
going or moving) or abstract ideas which function as meta-
phors of real activities (such as for example thinking or lov-
ing) which can be referenced either (preferably) by verbs or
by nouns (in this case the construction of the semantic tree
requires an additional step consisting of applying a lexical
function 1n order to transform the noun structure into a verb
structure (this lexical function forming part of the definition
of the noun 1n question)—by way of example the phrase “the
movement ol the table” may be converted into the phrase
“moving the table”), or by any other structural category
according to a process which 1s appropriate to the language
under consideration.

Moreover, according to the invention, a document has at
least one meaning 11 1t 1s possible to construct a semantic tree
from 1its verbal enfities.

The device according to the invention may have other
features which may be taken separately or together, specifi-
cally:

its document interpreter may comprise a binary tree con-

troller tasked with constructing a structural binary tree
from the breakdown of a document into an ordered series
of verbal entities and structural and/or semantic con-
straints, this structural binary tree comprising leaves,
cach associated with a verbal entity of the series and
constituting one of the two son nodes attached to a father
node, and a root node, constituting a father node and
associated with all or some of the verbal entities in the
series. In this case, the n-ary tree controller 1s tasked with
constructing each n-ary tree from a structural binary
tree,

its document interpreter may comprise a breakdown mod-

ule tasked with breaking down each set of data defiming
a document which 1s to be analysed into an ordered
series of verbal entities;

its document mterpreter may comprise a semantic analyser

tasked with determining the semantic compatibility rela-
tions between principal nodes of the object type and/or
principal nodes of the activity type of at least one seman-
tic tree;

its semantic analyser may be tasked with determining the

relations between principal nodes of at least one seman-
tic tree among the spatial, temporal, causal, anaphoric
and cataphoric relations;

its semantic analyser may be tasked with carrying out a

diagnosis relating to the analysis of a document and
delivering a message that conveys the results of this
diagnosis. This diagnostic message specifies the nature
of the problems encountered during the analysis of the
document. It may for example contain, for this purpose,
information representing the difficulties encountered
during the analysis of a document, and/or possibilities of
different interpretations of a sentence (resulting from
unresolved ambiguities), and/or at least one unknown
word, and/or at least one grammatical error, and/or at
least one error of construction, and/or at least one non-
sensical 1tem, and/or a list of unresolved ambiguities.

The invention also proposes a method of semantically anal-
ysing documents comprising:

constructing a structural n-ary tree from a breakdown of a

document which is to be analysed into an ordered series
of verbal enfities and structural and/or semantic con-
straints, the structural n-ary tree comprising a root node
formed by a primary governing verbal entity and struc-
tures formed by a secondary subordinate verbal entity
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and attached either directly or indirectly to the root node
by a link having at least one connectional characteristic,
a secondary subordinate verbal entity being in turn
capable of becoming a governing verbal entity,

determining, at least from the structural n-ary tree and data
stored 1n a structural and semantic database, the categor-
1sing entities of the object type and activity type acti-
vated by certain nodes of the n-ary tree, 1n order to
construct a semantic tree provided with principal nodes
consisting of the object and activity categorising entities
and linked by semantic relations arising from the con-
nectional characteristics of the n-ary tree and associated
with attributes that are a function of the characteristics of

the other nodes of the n-ary tree and their respective
links.

The method according to the mvention may have other
features which may be taken separately or together, specifi-
cally:

belore constructing an n-ary tree 1t 1s possible to construct
a structural bimary tree based on the breakdown of a
document into an ordered series of verbal entities and
structural and/or semantic constraints, the structural
binary tree comprising leaves, each associated with a
verbal entity 1n the series and constituting one of the two
son nodes attached to a father node, and a root node,
constituting a father node and associated with all or
some of the verbal entities 1n the series. In this case, each
n-ary tree 1s constructed from a structural binary tree;

belfore constructing a binary tree or an n-ary tree, each set
of data defining a document to be analysed may be
broken down into an ordered series of verbal entities;

the semantic compatibility relations between principal
nodes of the object type and/or principal nodes of the
activity type of at least one semantic tree may be deter-
mined;

it 1s possible to determine whether the document analysed
has a meaning by determining the relations between
principal nodes of at least one semantic tree, selected
from among the spatial, temporal, causal, anaphoric and
cataphoric relations;

alter having constructed a semantic tree 1t 1s possible to
carry out a diagnosis relating to the analysis of a docu-
ment and then to deliver a message conveying the results
of the diagnosis. This diagnostic message specifies the
nature of the problems encountered during analysis of
the document. It may for example contain, for this pur-
pose, information representing the difficulties encoun-
tered during the analysis of a document, and/or different
possible interpretations of a sentence, and/or at least one
unknown word, and/or at least one grammatical error,
and/or at least one error of construction, and/or at least
one nonsensical item, and/or a list of unresolved ambi-
guities.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the mvention will
become apparent from a study of the detailed description that
tollows, and the attached drawings, wherein:

FIG. 1 shows 1n a highly schematic and functional manner
an embodiment of a device for semantic analysis of docu-
ments according to the invention,

FIG. 2 schematically shows the main steps of an example
of an algorithm for breaking a document down 1nto verbal
entities,
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FIG. 3 schematically shows the main steps of an example
of an algorithm for constructing a structural binary tree based
on the breakdown of a document into verbal entities,

FIG. 4 schematically shows the main steps of an example
of an algorithm for constructing a structural n-ary tree from a
structural binary tree,

FIG. 5 1s a non-restrictive tree diagram schematically
showing the relations between different types, sub-types and
sub-sub-types of categorising entities,

FIG. 6 schematically shows the main steps of an example
of an algorithm for constructing a semantic tree from a struc-
tural n-ary tree,

FIG. 7 schematically shows an example of a structural
binary tree,

FIG. 8 schematically shows an example of a structural
n-ary tree resulting from the structural binary tree 1n FIG. 7,

FI1G. 9 schematically shows an example of a semantic tree
resulting from the structural n-ary tree 1n FIG. 8,

FIG. 10 schematically shows the causal and anaphoric
relations 1n another example of a semantic tree,

FIGS. 11A and 11B, respectively, schematically illustrate
another example of a structural n-ary tree and the associated
semantic tree in the case of chronological management,

FI1G. 12 schematically shows a temporal relation between
two examples of semantic trees,

FIG. 13 schematically shows the temporal and anaphoric
relations between two other examples of semantic trees,

FIG. 14 schematically shows semantic compatibility rela-
tions between the verbal entities of another example of a
semantic tree,

FIG. 15 schematically shows the principal relations
between nodes associated with nouns (NO) and nodes asso-
ciated with adjectives (NA), and the main 1deas attached to
them (particularly metrics), and

FIG. 16 schematically shows the main relations between
categorising entities of the object and activity type and the
main 1deas attached to them.

The accompanying drawings may serve not only to
complement the mvention but may also help to define 1t, as
necessary.

DETAILED DESCRIPTION

The invention sets out 1n particular to allow structuring, by
meaning, of the information contained 1n a document which 1s
to be analysed, notably using a model for automatically
resolving at least some of the ambiguities and polysemies
inherent 1n plain language documents.

Reference will be made first of all to FIG. 1 to describe an
embodiment of a device D for semantic analysis of docu-
ments, according to the ivention.

In the description that follows, the device D 1s assumed, as
a non-restrictive example, to be dedicated to automatically
resolving ambiguities and polysemies 1n text-type docu-
ments.

A device D of this kind may for example be installed 1n a
computer or an applications server, some of whose resources
it uses, notably 1ts computing power (CPU).

An analysis device D according to the invention comprises
at least one structural and semantic database BD and a docu-
ment interpreter 1D.

The database BD, also referred to as a lexicon (or reference
lexicon), comprises words (or verbal entities) which are
assigned syntactic and semantic properties and composition
rules (or links). The properties and links (or rules) constitute
data which serve to construct categorising (or conceptual)
entities of the activity and object type.
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The defimitions of the categorising entities have already
been given hereinbetfore. Moreover, the term “property” here
denotes an abstraction obtained by categorising 1deas of a
defining nature based on sets of values generally reterenced
by nouns (such as for example colour or size). A value 1s by
definition an abstraction directly referenced by an adjective
and necessarily linked to a property. The values may gener-
ally be associated with quantitative (“objective’”) and/or
qualitative (“subjective’) scales, as will be seen hereinafter in
the introduction to the concept of metrics.

The words are categorised within structural classes of
verbs, nouns, adjectives, adverbs and structural words. All
these categories can be subdivided for example into sub-
classes, sub-sub-classes and so on (as will be seen hereinatter
with reference to FIG. 15 in which the NO*, NO“ and the like
are sub-classes of the class of nouns).

A categorising entity 1s tasked with freely producing
ambiguous meaning by association with other categorising
entities, under the control of properties which limit their

freedom with respect to a controlled syntactic and semantic
structure.

The links are tasked with controlling the properties through
pragmatic overdeterminations (weak or strong pragmatic
constraints), either arising from the document (text) itself or
arising from the general context. By “weak pragmatic con-
straints” are meant here the fact that no general reference
work 1 open context would be able to exhaust all the possible
interpretations of a textual message. The links offer flexibility
to the process of resolving ambiguity (or disambiguation) by
activating or deactivating certain rules of the properties
depending on the particular needs, for example by giving
preference to semantics over syntax when an ungrammatical
sentence obviously has a meaning. Their role 1n disambigu-
ation 1s essential.

As 1llustrated in FIG. 1, the database BD can be subdivided
into a general database BD1 and a specialised database BD2.

The general database BD1, also referred to as the general
lexicon, comprises entries, typically several tens of thousands
(for example 80,000) which define inflected forms (typically
several hundred thousand, e.g. more than 300,000), provided
with data which convey the weak pragmatic constraints
involved 1n particular 1n disambiguation of the intrinsic
meaning of a text which preserves 1ts general polysemy.

The specialist database BD2, also referred to as the spe-
cialist lexicon, contains data that convey the linguistic pecu-
liarities of a precise context (strong pragmatic constraints)
that make 1t possible to limit the general polysemy of the
messages 1 order to extract from them one or more locally
pertinent interpreted meanings. The more detailed the defini-
tion of the context, the easier 1t 1s to arrive at a final 1interpre-
tation.

The semantic properties are organised according to a tax-
onomy and distributed on the axes of the three multi-dimen-
sional primary reference systems—material real, intentional
and contextual. They are independent of the classical syn-
taxes which only weakly integrate the semantic parameters.
Consequently, they are not specific to a particular language.

Each multi-dimensional primary reference system has axes
of breakdown of the semantic properties and 1ts own compo-
sition logic. The logics associated with the three primary
reference systems are of the modal type.

The contributions to the disambiguation of each primary
reference system are calculated according to an evaluation of
one or more resultants which fix the parameters of its 1nflu-
ence on the general process of disambiguation. If the inten-
tional and contextual axes lend themselves to the calculation
of such resultants, by contrast the material real brings a dii-
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ferentiated contribution, in virtually all known languages,
which cannot always be reduced to a global component. Thus,
the semantic properties relating to the real are exploited while
preserving the four conventional axes of a four-dimensional
space-time space.

The categorising entities are dynamic objects of a six-
dimensional linguistic universe provided with a multimodal
logic algebra. A set of compatibility rules between properties
govern the interactions between categorising entities.

The document mterpreter ID 1s tasked with determining
whether a document has a meaning, using the database BD
and processing functions that make use of a mathematical
model, to which we will return later. It comprises at least one
n-ary tree controller GAN and a semantic tree controller
GAS, and optionally a semantic analyser AS.

The n-ary tree controller GAN 1s tasked with constructing,
by means of 1ts processing functions and the database BD, a
structural n-ary tree starting from a breakdown of a document
to be analysed into an ordered series of verbal entities (or
words, or groups of words, or alpha-numeric groups) and
structural and/or semantic constraints selected from and
defined in the database BD.

As a text (or document) 1s generally made up of sentences,
in the description that follows each sentence will be deemed
to form all or part of an ordered series of verbal entities.

It 1s important to note that the ordered series of verbal
entities are supplied for example by a document breakdown
module MD which, as in the example shown 1n FIG. 1, 1s part
of the device D. However, this 1s not obligatory. In fact, if the
device D does not have a document breakdown module MD,
the series may be supplied to it directly by external equip-
ment.

The document breakdown module MD, 1f 1t exists, 1s
tasked with breaking down each set of data which defines a
document (such as a text) into an ordered series of verbal
entities to be analysed. In most situations, after a document
has been broken down into an ordered series of verbal entities,
there 1s no step of 1dentitying the language and 1ts syntactic
structure. The latter, 1f not specified, 1s 1dentified in the fol-
lowing step. However, 1t 1s possible to envisage at this stage
determining separators which are specific to a given lan-
guage, such as Chinese, for example.

Each structural n-ary tree, which 1s constructed by the
n-ary tree controller GAN, comprises a root node which 1s
associated with a so-called primary governing verbal entity
and structures which are formed by a so-called secondary
subordinate verbal entity and attached either directly or indi-
rectly to the root node by a link having at least one connec-
tional characteristic.

The positioning of a link (identified by 1ts connectional
characteristic(s)) 1n a binary structural tree 1s carried out by
applying the structural and/or semantic constraints supplied
by the connecting potentials which are associated with the
clementary data (obtained from the database (or lexicon)
BD1 or BD2) of the two verbal entities 1n question.

Certain secondary subordinate verbal entities may 1n turn
become governing verbal entities.

Each structural n-ary tree may be constructed from a binary
tree which may 1itself be constructed from an ordered series of
verbal entities, optionally supplied by the breakdown module
MD.

In this case, the document interpreter ID comprises a struc-
tural binary tree controller, as shown 1n FIG. 1. This 1s tasked
with rebuilding each ordered series of verbal entities that it
receives 1nto a structural binary tree. More precisely, as will
be seen hereinafter, two adjacent nodes are combined to form
a new node, as to begin with there are only leaves.
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A structural binary tree comprises a root node which rep-
resents all the verbal entities of a sentence (or part of a
sentence) to be processed, and which constitutes a father node
for two son nodes resulting from its binary breakdown.
Depending on the number of verbal entities contained 1n a son
node it constitutes either a leaf of the binary tree or a father
node which can be broken down 1n turn, 1n binary manner,
into two son nodes.

In other words, the binary breakdown ofthe root node gives
two son nodes which can in turn be father nodes that are
subjected to binary breakdown and so on, until every leaf of
the binary tree 1s occupied by a verbal entity (word) of the
(part of a) sentence being processed.

This binary breakdown 1s carried out as a function of struc-
tural and/or semantic constraints stored in the database BD.
Preferably, the user of the device D does not intervene at this
stage. His intervention may possibly be reduced to defining
local rules which can override certain general rules (such as
for example vetoing the application of gender agreement
rules).

The binary tree controller GAB and/or the n-ary tree con-
troller GAN may have a function of identitying the lexical
units (or verbal entities) belonging to the language used to
draft (or dictate) a document, thus making 1t possible to show
up the lexical ambiguities.

The semantic tree controller GAS 1s tasked with determin-
ing the categorising entities of the object type and activity
type on the basis of the structural n-ary tree and the data stored
in the database BD.

It should be remembered here that a categorising entity of
the object type 1s an abstraction obtained (essentially) by
categorising objects of the real world or abstract ideas that
function as metaphors for real objects, generally referenced
by nouns. Moreover, a categorising entity of the activity type
1s an abstraction obtained (essentially) by categorising
actions 1n the real world or abstract 1deas that operate as
metaphors for real actions which can be referenced either
(preferably) by verbs or by nouns (in this case the construc-
tion of the semantic tree requires an additional step compris-
ing applying a lexical function 1n order to transform the noun
structure 1nto a verb structure).

As will be seen hereinalter, the semantic tree controller
GAS may, 1n certain situations, make use of the information
contained 1n one or more other n-ary trees corresponding to
other sentences 1n the same document 1n order to construct a
semantic tree. This 1s the case, in particular, 1n the presence of
ambiguities of the anaphoric or cataphoric type.

Each semantic tree 1s made up of principal nodes each of
which 1s associated with at least one categorising entity of the
object type or activity type, which is activated by certain
nodes of the n-ary tree, and which are linked by semantic
relations arising from connectional characteristics of the
n-ary tree and to which attributes are assigned as a function of
the characteristics ol the other nodes of the n-ary tree and their
respective links.

The semantic analyser AS 1s tasked with determining the
semantic compatibility relations between the principal nodes
of the object type and/or the principal nodes of the activity
type of at least one semantic tree.

The semantic compatibility relations exploit the semantic
characteristics. For example, only a “human”, who 1s a cat-
egorising entity of the object type, can “think”, which 1s a
categorising entity of the activity type.

The semantic analyser AS constitutes a diagnostic tool for
analysing documents. It may for example specity the diffi-
culties encountered during the analysis of a document (or
sentence) and/or different possible interpretations of a sen-
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tence and/or unknown words and/or grammatical errors (for
example failure to adhere to rules of agreement) and/or errors
in construction and/or nonsensical items (for example rules of
semantic compatibility not respected) and/or ambiguities
which it has not been possible to resolve.

Thanks to the diagnoses provided it 1s then possible for
example to classily messages or to resolve a problematic
situation (by applying a local rule or by identifying a lack of
information which prevents full understanding of a message),
or to know why a message 1s deemed “incomprehensible”.
Moreover, when the diagnosis provided 1s comprehensible
and 1temised, automated actions may be carried out.

As 1ndicated previously, the different elements that make
up the document interpreter 1D use processing functions that
make use of a mathematical model. The latter 1s based on a
number of algorithms which come into play on the links
which are provided with at least one connectional character-
1stic and which are established between structures formed by
a secondary subordinate verbal entity and a root node. More
precisely, these algorithms make use of the properties of the
entries 1n the database BD which have previously been con-
verted into categorising entities the data and links of which
constitute the properties.

As mentioned previously, the categorising entities consti-
tute varieties distributed along axes grouped into three differ-
ent primary reference systems. The varieties may interact and
combine with one another 1n accordance with the rules of
lexical, syntactic, semantic and pragmatic composition in a
s1x-dimensional linguistic universe.

The processing of ambiguities 1s carried out transversely,
not successively but interactively, as a function of the rules of
compatibility of each categorising entity with other categor-
1sing entities.

The propensities of a number of categorising entities to
coexist or exclude one another, by activation or deactivation
of rules of compatibility, control the production of primary
linguistic graphs, in the form of groups that make up struc-
tural trees (binary or n-ary).

The groups can be likened to syntagmas having syntactical
and semantic properties. They inherit new availabilities of
composition of a higher order which allow the creation of
secondary linguistic graphs or supergroups which correspond
roughly to informative sentences optionally supplemented by
a diagnosis, for example 1n the form of a classification into
“comprehensible 1nformation”, “dubious 1information”,
“absurd information” or “out of context information”.

It 1s 1mportant to note that the i1deas of “primary” and
“secondary”, 1n relation to linguistic graphs, are there only to
demonstrate the recursive nature of the construction. They
convey a progression in complexity of the associations
formed.

The mathematical model causes the data to interact freely
with one another controlled only by the rules of compatibility
of their respective properties. Various hypotheses are
explored and are reduced, for example, by means of a hypoth-

es1s reducing method based on the modal system known as
“S4” developed by Gerhard Gentzen.

The rules of compatibility are of a first and second level,
and allow the earliest possible resolution of the ditferent types
of first level ambiguities which may appear in an ordered
series of verbal entities (or sentence).

Compatibility algebra between the different varieties of
categorising entities makes 1t possible to form groups of
several categorising entities which are syntactically and
semantically compatible. This compatibility algebra 1s made
up of rules of semantic compatibility.
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If there 1s only one mathematically possible supergroup,
the sentence 1s totally disambiguated (and hence understood).
By contrast, i a number of supergroups are mathematically
possible, the phrase remains ambiguous (and hence not
understood).

The supergroup can then be related to the original sentence
(or document) 1n order to make use of the structured infor-
mation that 1t contains.

For example, a supergroup may be compared with refer-
ence supergroups (defining pre-parameterised filters, option-
ally obtained from an analysis of questions—in plain lan-
guage—posed by users or by other texts). It 1s also possible to
carry out operations on sets ol supergroups, such as for
example calculations of distance or checks on coherence. It 1s
also possible to use one or more supergroups to extract spe-
cific information, such as summaries, for example. It 1s also
possible to use one or more supergroups to generate new
messages.

Reference 1s made to FIG. 2 1n order to describe the main
steps ol an example of an algorithm for breaking down a
document 1nto verbal entities. This algorithm 1s used by the
breakdown module MD of the device D according to the
invention. It 1s important to note that when methods of break-
down other than the one described below are used, the break-
down module MD 1s adapted accordingly. Thus, 1t may be
based on the use of transducers, for example.

At A, the breakdown module MD receives a document
which 1s to be analysed. It may be for example a text i plain
language. In a step 10 the breakdown module MD determines
(reads) the first character in the document. Then 1n a step 20
the breakdown module MD runs a test to determine whether
the character read 1s the last one 1n the document. If 1t 1s, the
breakdown of the document ends at B. On the other hand 11
the character read 1s not the last character in the document, the
breakdown module MD runs a new test 1n a step 30 to deter-
mine whether the character read 1s a separator. If this 1s not the
case, 1n a step 40 the breakdown module MD adds this char-
acter to the word being built up, then goes back to step 10 1n
order to recommence the steps of the algorithm with the next
character of the document. By contrast, 11 the character read 1s
not a separator, the breakdown module MD runs a new test in
a step 50 to determine whether the character read 1s the last of
a word being built up. If this 1s the case, 1n a step 60 the
breakdown module MD 1dentifies the word that has just been
built up, then stores the word 1n a butler memory before going
back to step 10 to restart the steps of the algorithm with the
next character of the document. By contrast, 1f the character
read 1s not the last one 1n a word being builtup, the breakdown
module MD 1n a step 35 creates a level which produces a
hyphen, then moves on to step 60.

The separators are either word separators (etlectively lead-
ing to step 60), or separators of units of text of different logic
levels interwoven with one another, such as segments, sen-
tences, paragraphs or chapters.

This algorithm example 1s then applied to each character of
a document right to the last one. This breakdown algorithm
thus provides an ordered series of verbal entities consisting,
respectively, of words, groups of words, figures or alpha-
numeric groups, generally separated by separators, the mean-
ing of which 1s to be analysed.

The breakdown algorithm for the document can be 1mple-
mented using a transducer, for example 1n the form of an
automatic {inite state device which optimises both the
memory space needed and the performance.

Analysis of the meaning of an ordered series of verbal
entities preferably starts by constructing a structural binary
tree for each sentence 1 the document. When the document
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contains only one sentence, the entire ordered series of verbal
entities serves to construct a binary tree. By contrast, when
the document contains a number of sentences, each portion of
the ordered series of verbal entities, corresponding to a sen-
tence, serves to construct a binary tree.

Reference will be made to FIG. 3 for a description of the
main steps of an example of an algorithm for constructing a
structural binary tree. This algorithm 1s run by the binary tree
controller GAB of the device D according to the invention.

At B, the binary tree controller GAB recerves an ordered
series of verbal entities. This series 1s supplied for example by
the document breakdown module MD which implements a
breakdown algorithm of the kind described above. However,
this 1s not obligatory. In fact, when the device D does not
comprise a document breakdown module MD, the series may
be supplied directly to the binary tree controller GAB by
external equipment.

In a step 100, the binary tree controller GAB proceeds to
initialise the structural binary tree which 1s to be constructed.

Then, 1n a step 110, the binary tree controller GAB resets to
zero (0), Tor example, the value of a counter of father node 1 of
the structural binary tree. This 1s only an example of a pos-
sible embodiment. For example, 1n the presence of a language
capable of managing lists, the control of the counter may no
longer be carried out by the programmer. An algorithm 1s then
used to run through the physical structure which has been
used to implement the list.

With the exception of the root node (1=0) which 1s made up
of all the verbal entities of the sentence being processed,
every other father node (1>0) of the binary tree represents the
result of part of the binary breakdown of the verbal entities
which occupy 1ts own father node. The binary breakdown of
the root node gives two son nodes which may 1n turn be father
nodes that may be the object of binary breakdown and so on,
until every leat of the binary tree 1s occupied by a verbal entity
(word) of the sentence processed.

The binary breakdown 1s carried out as a function of struc-
tural and/or semantic constraints stored 1n the database BD.

In a step 120 the binary tree controller GAB begins analysis
of the father node 1 checked off by setting to zero (0) the value
ol a son node counter j of the structural binary tree. Then 1t
proceeds with a breakdown of the verbal entities of the father
node 1 being studied into two parts j and 7' (not shown).

In a step 130 the binary tree controller GAB runs a test to
determine whether the part 1 being studied resulting from the
breakdown of the father node 1 being studied satisfies one or
more selected structural and/or semantic constraints. If not, 1t
moves on to step 140. In the opposite case, 1n a step 133, the
binary tree controller GAB defines a new (connecting) node
within the binary tree in order to assign it to the part 1 being,
studied, then 1t moves on to step 140. This new node 7 1s then
a son node of the father node 1 being studied.

In step 140 the binary tree controller GAB runs a test to
determine whether the part j being studied which has just been
processed 1s the last part resulting from the breakdown of the
father node 1 being studied. I not, 1n a step 150, the binary tree
controller GAB increases, by one unit, the counter of 1ndex j,
then goes back to carry out step 130. On the other hand, 11 the
part ] being studied which has just been processed 1s the last
part resulting from the breakdown of the father node 1 being
studied, the binary tree controller GAB runs another test in a
step 160 to determine whether there are other nodes 1 to be
processed. I this 1s not the case, 1n a step 170, the binary tree
controller GAB increases, by one unit, the counter of index 1,
then returns to carry out step 120. On the other hand, 11 there
are no more nodes 1to be processed, the binary tree controller
(G AB runs another test 1n a step 180 to determine whether the
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last iteration carried out in step 133 has created any new nodes
and hence new connection possibilities which have to be
explored. If this 1s not the case, the structural binary tree 1s
formed and the construction algorithm for the binary tree

ends at C. On the other hand, if an iteration has to be carried

out, the binary tree controller GAB returns to carry out step
110.

An example of a structural binary tree corresponding to the
(French) sentence “La petite brise la glace” [*“The child
breaks the ice”] 1s i1llustrated 1 FIG. 7. In this example, the
root node corresponds to the entire sentence “La petite brise
la glace”. A first son node of the root node contains the words
“La petite brise”, while the second son node of the root node
comprises the words “la glace™).

The first son node (*La petite brise™) 1s thus a father node
for 1ts two son nodes associated respectively with the words
“brise” and “La petite”. The son node associated with the
word “brise” 1s a leal of the binary tree which cannot be
broken down any further. The son node associated with the
words “La petite” 1s thus a father node for 1ts two son nodes
associated respectively with the words “La” and “petite”. The
son nodes associated respectively with the words “La” and
“petite” are leaves of the binary tree which cannot be broken
down any further.

Similarly, the second son node (*la glace™) 1s a father node
for 1ts two son nodes associated respectively with the words
“la” and ““glace”. The son nodes associated respectively with
the words “la”” and “glace” are leaves of the binary tree which
cannot be broken down any further.

Once a binary tree has been constructed the analysis of
meaning of an ordered series of verbal entities continues by
constructing a structural n-ary tree for each sentence 1n the
document. The term “n-ary tree’ here denotes a tree 1n which
the breakdown of a father node results in any number of son
nodes, this number varying from one father node to another.

Retference will now be made to FIG. 4 to describe the
principal stages of an example of an algorithm for construct-
ing a structural n-ary tree. This algorithm 1s executed by the
n-ary tree controller GAN of the device D according to the
invention.

It 1s important to note that in the example shown 1n FIG. 1,
the n-ary tree controller GAN 1s supplied with binary trees by
the binary tree controller GAB of the device D. However, this
1s not necessarily the case. In fact, 1t 1s possible for the n-ary
tree controller GAN to be supplied with binary trees by exter-
nal equipment, or it may be arranged so as to construct an
n-ary tree directly from an ordered series of verbal entities,
hence without the need to construct a binary tree beforehand.

At C, the n-ary tree controller GAN recerves the descrip-
tion of a binary tree, supplied for example by the algorithm for
constructing the structural binary tree as described above. In
a step 200, the n-ary tree controller GAN proceeds to 1nitialise
the structural n-ary tree which 1s to be constructed. It creates
a first node C (current) in the n-ary tree which becomes 1ts
root node and resets to zero a counter of index 1 of the node of
the associated binary tree.

It 1s 1important to note that each node of an n-ary tree 1s
associated with a single verbal entity (or word) coming from
a leat of the binary tree, unlike the binary tree which com-
prises intermediate nodes associated with a number of verbal
entities (or words).

In a step 210 the n-ary tree controller GAN takes a node of
index 1 from the binary tree, then 1n a step 220 it runs a test to
determine whether this node of index 1 1s a leaf of the binary
tree.
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I this 1s the case, the n-ary tree controller GAN runs a test
in a step 230 to determine whether the node of index 11s of the
governing type (R) or subordinate type (S).

If thenode of index 11s governing (R), then 1n a step 240 the
n-ary tree controller GAN associates, with the current node C,
the leat node of index 1 of the binary tree, and this current node
C 1s then regarded as the father of at least one son node of the
n-ary tree. In fact 1t will be recalled that, systematically cor-
responding to each father node of a binary tree, there 1s a
governing son node and a subordinate son node. Conse-
quently, the two son leal nodes of each intermediate father
node of a binary tree may be linked to one another to form,
within the associated n-ary tree, a structure in which the
governing son node 1s attached to the corresponding subor-
dinate son node by a link which may be associated with
connectional characteristics of their father node. Because of
this type of attachment between leafl nodes of the binary tree,
within the associated n-ary tree, the root node of the n-ary tree
can only be a governing leat node which 1s attached, directly
and indirectly, to the root node of the associated binary tree by
one or more mtermediate nodes exclusively of the governing
type. In other words, this root node comes from an exclusively
governing line.

After this step 240, the n-ary tree controller GAN moves on
to a step 270.

On the other hand, if the node of index 1 1s not of the
governing type (R), 1t 1s therefore of the subordinate type (S).
Consequently, 1t must be attached by a link (or branch B) to
the governing node (R) which 1s attached to 1ts own father
node within the binary tree. In a step 250 the n-ary tree
controller GAN therefore connects (attaches) the subordinate
node (S) of index 1 to the corresponding governing node (R),
by means of a link associated with connectional characteris-
tics of their father node. Then, the n-ary tree controller GAN
moves on to step 270.

I1 the results of the test carried out 1n step 220 indicate that
the node of index 1 1s not a leaf of the binary tree, it must
therefore be one of its intermediate nodes. Consequently, in a
step 250, the n-ary tree controller GAN starts by creating a
new branch in the n-ary tree under construction, then 1t
assigns the properties of the node of index 1 to this branch B.
Next, 1t connects (or attaches) the upper end (sup(B)) of the
branch B to the current node C and creates a new node N
which it connects (or attaches) to the lower end (ini(B)) of the
branch B. Finally, the n-ary tree controller GAN replaces the
current node C by the node N which 1t has just created, before
passing on to step 270.

In step 270 the n-ary tree controller GAN runs a test to
determine whether the node of index 1 being processed 1s the
last node of the binary tree to be processed. If this 1s the case,
then the structural n-ary tree 1s constructed and the construc-
tion algorithm for the n-ary tree ends at D. On the other hand,
if the node of index 1 being processed 1s not the last node of the
binary tree to be processed, mn a step 280 the n-ary tree
controller GAN increases, by one unit, the value of the index
1, then 1t goes back to carry out step 210 with the next node of
the binary tree. The nodes of the binary tree are thus all
processed one after the other starting from the root node.

An example of a structural n-ary tree arising from the
structural binary tree 1 FIG. 7 (which corresponds to the
sentence “La petite brise la glace™) 1s 1llustrated 1n FIG. 8.

In this example, as shown in FIG. 7, the root node of the
n-ary tree 1s the verb “brise” which 1s the only governing leaf
node of the binary tree that originates from an exclusively
governing line. In most cases the root node of the n-ary tree 1s
the main verb of the sentence being analysed.
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Two structures of two associated son nodes are attached to
the root node “brise”.

A first structure 1s made up of the nodes “La” and “petite”
which are respectively the governing and subordinate leaf
nodes of the intermediate node associated with the verbal
entities “La petite” in the binary tree. The leal node “La”
being governing 1n this case, 1t 1s therefore attached to the root
node “brise”. The leal node “petite” 1s subordinate 1n this case
and attached to the associated goverming node “La” by a link
associated with connectional characteristics of their father
node (“La petite”) within the binary tree.

A second structure 1s made up of the nodes “la” and “glace”
which are, respectively, subordinate and governing leat nodes
of the intermediate node associated with the verbal entities “la
glace” 1n the binary tree. The leaf node “glace” being gov-
erning 1n this case, it 1s therefore attached to the root node
“brise”. The leat node “la” 1s subordinate here and attached to
the associated governing node “glace” by a link associated
with connectional characteristics of theiwr father node (“la
glace”) within the binary tree.

Once an n-ary tree has been constructed the analysis of the
meaning of an ordered series of verbal entities continues by
constructing a semantic tree for each sentence in the docu-
ment. By “semantic tree” 1s meant here a tree which contains
only categorising entities (of the object or activity type) pro-
vided with their properties, necessary for understanding the
meaning of the sentence (or document), taking account of its
context.

The categorising entities constitute the first level of break-
down of taxonomy: ontology. All the categorising entities are
in one or other of their sub-types (or sub-classes).

FIG. 5 shows a non-restrictive example of a tree diagram
describing different types, sub-types and sub-sub-types of
categorising entities. More precisely, 1n this example, the
categorising entities of the “activity” type combine two sub-
types (or sub-classes) ol categorising entities referred to as
“event-linked” and “defining” which respectively combine
two sub-sub-types (or sub-sub-classes) of categorising enti-
ties known as “‘action” and “‘event” on the one hand and
“definition” and “modality’”” on the other hand. The categor-
1sing entities of the “object” type combine two sub-types (or
sub-classes) of categorising entities referred to as “indi-
vidual” and “place”.

It 1s important to note that the quality of lexicons depends
to a large extent on the quality of the ontology. Moreover,
ontologies may be constructed automatically.

Retference will be made to FIG. 6 to describe the main
stages of an example of an algorithm for constructing a
semantic tree. This algorithm 1s implemented by the semantic
tree controller GAS of the device D according to the mnven-
tion. It may be preceded by the possible application of a
lexical function intended to standardise the structural n-ary
tree so as to eliminate any “stylistic” peculiarities likely to
interfere with its semantic analysis.

At D, the semantic tree controller GAS receives the
description of an n-ary tree, supplied for example by the
algorithm for constructing the structural n-ary tree described
hereinbefore. In a step 300, the semantic tree controller GAS
extracts from the structural n-ary tree the verbal entity sub-
tended by a highest categorising entity placed in the n-ary tree
(generally associated with 1ts root node) which constitutes the
root of the semantic tree.

Then, 1n a step 310, the semantic tree controller GAS runs
a test to determine whether the verbal entity corresponds to an
activity.

I1 the verbal entity corresponds to an activity, the semantic
tree controller GAS moves on to a step 320. If this 1s not the




US 7,856,438 B2

15

case, the semantic tree controller GAS creates, 1n a step 315,
a support verb defining an activity, then it moves on to step
320.

In step 320 the semantic tree controller GAS 1itialises the
semantic tree. Then it 1nserts the activity in a chronological
list of activities which may optionally already contain other
activities 1temised 1n the sentence being analysed and/or 1n
previous sentences in the document which 1s being analysed.
This list may for example take the form of a table constructed
as 1t goes along and stored in a memory. Then, the semantic
tree controller GAS 1nstantiates a semantic structure. In other
words, the lexicon supplies a pattern of a semantic tree for the
categorising entity (object) the “boxes™ of which will be filled
using information supplied by the other nodes of the struc-
tural tree.

A pattern comprises, on the one hand, a semantic connect-
ing model (of the same kind as certain lexical functions)
which enables the agent diagram of a verbal entity to be
converted 1nto a semantic (sub)tree, as shown schematically
by way of example in FIGS. 8 and 9, and on the other hand a
list of properties (or attributes), as shown schematically 1n
FIG. 9.

Then, 1n a step 330, the semantic tree controller GAS
extracts the following node from the n-ary tree and 1n a step
340 1t runs a test to determine whether the verbal entity
associated with this extracted node activates an object. In
accordance with the definition given previously, the word
“object” should be understood here as having the broadest
and most current definition, extending to include abstract
objects such as feelings and representations, and not the spe-
cialist restrictive definition which 1t has 1n computer science.

If the verbal entity activates an object, then 1n a step 350 the
semantic tree controller GAS 1nserts this object into the
semantic tree. Then 1t inserts the object into a list (or universe)
of objects which may optionally already contain other objects
itemised in the sentence under analysis and/or 1n previous
sentences of the document under analysis. This list takes the
form, for example, of a table constructed as i1t goes along and
stored 1n a memory. Then, the semantic tree controller GAS
instantiates the semantic structure (as indicated above). The
semantic tree controller GAS then moves on to step 410.

I1 the results of the test carried out 1n step 340 indicate that
the verbal entity 1s not an object, then 1n a step 360 the
semantic tree controller GAS runs a new test to determine
whether properties (or connectional characteristics) are asso-
ciated with this verbal entity.

I1 this 1s the case, 1n a step 370 the semantic tree controller
GAS 1dentifies a proprietary object. More precisely, a cat-
egorising entity of the “property” type which has no autono-
mous function (other than making 1t a meta-object) and which
necessarily characterises an object, has been 1dentified. This
object, which 1s “proprietary”, 1s 1dentified either directly
through a connection (ordinary or anaphoric) that links 1t to
the property (such as for example the expression “the colour
of the sky” or ““its colour”), or (more rarely, when there does
not appear to be any apparent connection) by running through
the list of objects instantiated by the text analysed in search of
an object which has the property 1n question (which may be a
source ol anomalies 1f no such object exists or if there are
several possibilities).

Then, the semantic tree controller GAS assigns a value to
the object. The value or values associated with the property 1s
or are 1dentified directly by searching among the subordinate
nodes for those that are adjectivally connected (such as for
example the expression “blue 1n colour™) even if 1t means
assigning a value “not known™ (or NC) when this type of
connection does not exist, either directly because 1t 1s carried
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by the verbal entity which activates the property (for example
the word “beauty” authoritatively assigns a positive value to a
property which will arbitrarily be referred to here as “aes-
thetic™), or indirectly when the governing verb 1s a defining
verb (as for example in the case of the expression “its colour
1s red” or “increase the volume by 100 Mo™).

The semantic tree controller GAS then moves on to step
410.

I1 the results of the test carried out 1n step 360 indicate that
the verbal entity 1s not associated with a property, then 1n a
step 380 the semantic tree controller GAS runs a new test to
determine whether modalisation 1s possible. Modalisation 1s
carried by verbs such as “to be able” or “to want”, on the one
hand, and “to think (that)” or “to believe (that)”, on the other
hand. These verbs do not activate activities (unlike the verbs
to think or to believe when they are used absolutely) but
modily the interpretation of the activity to which they are
attached. Thus the expression “I can go there” does not have
the same value as the expression “I’'m going there”, but in
both cases the semantic head is the verb “to go™. Similarly, the
expression “Pierre thinks that we do not write enough™ does
not have the same value as the expression “we do not write
enough”, the semantic head being the verb “to write” 1n both
cases.

If modalisation 1s possible the semantic tree controller
GAS 1dentifies a proprietary activity 1n a step 390. The pro-
cedure of identifying a proprietary activity 1s similar to that of
a proprietary object described above (but applied to an activ-
1ty).

Then, the semantic tree controller GAS assigns a modali-
sation to the proprietary activity. The semantic tree controller
GAS then moves on to step 410.

I1 the results of the tests carried out 1n step 390 1indicate that
there 1s no modalisation, then 1n a step 400 the semantic tree
controller GAS judges that an anomaly 1s present. A node 1s
then present which cannot be attached to the semantic tree
under construction.

The semantic tree controller GAS then moves to step 410.

In step 410 the semantic tree controller GAS runs a test to
determine whether the node of the n-ary tree which has just
been analysed 1s the last of said n-ary tree. 11 this 1s the case,
the semantic tree 1s constructed and the algorithm for con-
structing the semantic tree ends at E. On the other hand, 11 the
node of the n-ary tree which has just been analysed 1s not the
last of said n-ary tree, the semantic tree controller GAS goes
backto step 330 in order to start to analyse the next node of the
n-ary tree. All the nodes of the n-ary tree are thus analysed one
aiter another.

An example of a semantic tree originating from the struc-
tural n-ary tree 1n FIG. 8 (corresponding to the sentence “La
petite brise la glace™) 1s illustrated 1n FIG. 9.

In this example, the root node of the semantic tree 1s the
verb “briser” coming from the word “brise” of the n-ary tree
in FIG. 8. This word “brise” actually has two very different
meanings 1 French: the verb “briser” in the present tense
(and hence an activity corresponding to the answer “now” to
the question “when?”, seeing that 1t remains to be seen
whether the word “now” relates to the time of the speech or
whether it 1s defined by the speech), and the noun “brise”
which refers to a slight cool wind.

Analysis of the context of the sentence “La petite brise la
glace” indicates for example that the word “brise” 1s the verb
“briser”. In another interpretation of this example of a sen-
tence, the verb could be the word “glace™, the subject of this
verb could be the word “brise”, the adjective attached to the



US 7,856,438 B2

17

subject “brise” the word “petite” and the direct object
complement could be the word “la” acting as an anaphoric
pronoun.

If the main verb used 1s “briser”’, associated with the tem-
poral property that describes 1ts time (1n this case the present
time—"“now”’), there 1s some uncertainty as to 1ts subject and
complement. In fact, in FIG. 8, the word “brise’ 1s attached to
two structures “La—petite” and “la—aglace”. There may
therefore be a first connection (Actl) consisting of “La petite
briser” and a second connection (Act2) consisting of “briser
la glace”. The first connection 1s referred to as the “prime
agent” (or subject) whereas the second connection 1s referred
to as the “second agent” (or object).

Here, 1t 1s apparent from the construction of the sentence
that the word “glace™ 1s a direct object complementing the
verb “briser” because 1t answers the question “what?”” asked
of the subject of this verb. The noun “glace” 1s therefore a
principal node of the object type attached to the verb “to
briser” which 1s a principal node of the activity type.

Moreover, the word “petite” 1s an adjective attached by
virtue of its position to a subject of the verb “briser”, who 1s
represented here by the word “La” which 1s therefore an
anaphoric pronoun denoting a common feminine name 1ntro-
duced 1n a previous sentence. “La’ 1s 1n this case a determi-
nant the role of which 1s on the one hand to confirm the noun
status of the verbal entity that accompanies it (thus making 1t
possible to turn adjectives or verbs, for example, 1nto nouns)
and on the other hand to provide information as to the exist-
ence of the associated object.

The adjective “petite” thus constitutes a principal node of
the object type (referenced x 1n F1G. 9) because 1t answers the
question “who?”. This object node x 1s associated with two
properties, one of femimne gender (referenced F 1n FIG. 9)
and one of size (referenced small 1n FIG. 9).

The semantic tree shown 1n FIG. 9 1s therefore the result of

resolving the ambiguity relating to two branches attached to
the word “brise” in FIG. 8.

However, this semantic tree cannot resolve the other ambi-
oguity relating to the interpretation of the sentence as
described above. In order to attempt to resolve this other
ambiguity, additional analyses of a contextual type have to be
carried out by the semantic analyser AS of the device D. In the
sentence given by way of example, this other ambiguity can
only be resolved by cotextual analysis relative to the previous
and/or following sentences 1n the document analysed, or con-
textual analysis (1.e. of a pragmatic nature). A distinction 1s
made here between the notion of “cotext” which denotes the
text surrounding a sentence being analysed, and the notion of
“context” which refers to the environment (in the broad
sense) 1 which a text 1s produced and/or recerved.

These complementary analyses consist more precisely in
attempting to determine relations between words belonging
to sentences in the same document, placed in the list of
activities and/or 1n the universe of the objects. These relations
may be of several kinds, notably spatial, temporal, anaphoric
or causal.

These complementary analyses are intended essentially to
process anaphors and cataphors. They are carried out by
determining within the tables (or lists) of objects and activi-
ties the words which have no semantic 1dentity, such as pro-
nouns, for example. In other words, a search 1s made among,
the stored words for those which may act as anaphoremes.

It 1s 1important to note that the objects and activities are
organised 1n semantic classes in ontologies to which metrics
and reference systems (spatial, temporal, etc.) are assigned.
This allows functions of semantic compatibility of the RCS1,
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RCS2 type to be applied. The RCS type functions constrain
the construction of a structural tree.

Some examples of complementary analyses which can
resolve ambiguities are described hereimaftter.

FIG. 10 shows two semantic trees corresponding to two
parts of a sentence separated by the separator *“:”. This sen-
tence 1s “Le client a appelé: 1l a regu sa facture en retard”
[““The customer called: he received his bill late™].

The semantic tree on the left corresponds to the part of the
sentence “Le client a appele”. The principle nodes of this
semantic tree are “appeler” and “client”. The word “appeler”
1s the principal verb and hence the activity, whereas the word
“client” 1s a noun which 1s the subject of the verb “appeler”
and hence an object.

The semantic tree on the right corresponds to the part of the
sentence “1l a recu sa facture en retard”. The principal nodes
of this semantic tree are “recevoir”, “1” and “facture”. The
word “recevoir” 1s the main verb and hence the activity, while
the word “11” 1s a pronoun, the subject of the verb “recevoir”
and hence an object, and the word “facture” 1s a noun which
1s the direct object complement of the verb “recevoir” and
hence an object.

The separator *“:” 1s equivalent here to “because™, so that
there 1s a causal relation between the two parts of the sen-
tence.

The anaphoric “1I” can only refer to the word “client”. In
fact, 1n the list of objects instantiated 1n the analysed docu-
ment, only the word “client” meets the conditions of struc-
tural and semantic compatibility (masculine singular noun,
semantically compatible with the prime agent (or subject) of
the verb “recevoir”, which 1s the word “11”). There 1s therefore
an anaphoric relation between the words “client” and “11”.

From these two causal and anaphoric relations it 1s possible
to deduce that the customer called (at time t) because he
recetved a bill at a moment t' (t'=t .+0tR>t, where t. 1s the date
of billing and otR 1s the time taken to create the bill and send
it). It 1s thus possible to represent the resolution of ambiguity
by assigning to the verb “appeler” a property relating to time
(t<t,) where t, denotes the time of the speech, and assigning
to the verb “recevoir” a property which also relates to time
(t>t-+0tR).

It 1s important to note that an ambiguity linked to a cataphor
1s treated 1n the same way as an anaphor provided that the list
of objects instantiated has been drawn up 1n full for the entire
document.

FIGS. 11A and 11B show a structural n-ary tree and the
associated semantic tree which correspond to the sentence
“La facture est arrive apres la date d’écheance” [“The bill
arrived after the due date™].

In order to make use of the meaming of this sentence, for
example 1n an information-filtering application, an attempt 1s
made to i1dentily one (or more) typical activities which are
chronologically compatible. The idea of “delay™ (1in receiving
the bill) 1s an evaluation relating to respecting the theoretical
date of performing the activity observed, comparing 1t with
the actual date.

The ambiguities are maternialised here i the structural
n-ary tree by stylised T's placed level with the words “apres™
and “echeance” and materialising a function of translation of
the word on the right by the word on the left. The word on the
left of a stylised T must be a translative; this 1s a grammatical
word which has the ability to change the structural category of
the word to the right of the same stylised T. For example, in
the expression “I’ll take the red” (referring to a garment), the
determinant “the” changes “red” from 1ts original category of
an adjective to being a noun, the implication being that at a
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semantic level there must be an object compatible with the
colour red which answers the question posed.

FIG. 12 shows two semantic trees corresponding to two
parts of a sentence separated by the separator “,” (comma).
This sentence 1s “Pendant que X fait A, Y fait B” [“While X
does A, Y does B”’]. This example materialises the temporal
relation between the two actions carried out by X and Y,
respectively.

More precisely, analysis of the two semantic trees and of
the tables of deed and objects associated with the document
being analysed makes 1t possible to understand that action A

takes place 1n a time interval I and that action B takes place in
a time iterval I' which 1s included 1n 1.

FIG. 13 shows two semantic trees corresponding to two
parts of the same sentence. This sentence 1s “Pierre a perdu la
livre que je lui avais donne” [“Pierre has lost the book that I
had given him™]. This example materialises, on the one hand,
the temporal relation between the two actions (“donner un
livre” [“give a book™] and “perdre le livre™ [“lose the book™]),
and on the other hand the anaphoric relation between the

words “Pierre” and “lu1” [“hum”] and the words “livre”
[“book”] and “que” [*“that™].

More precisely, analysis of the two semantic trees and of
the tables of activities and objects associated with the docu-
ment being analysed shows that the word “lu1” can only refer
to the word “Pierre”, and that the word “que” can only refer to
the word “livre”. Then, 1t1s deduced from the respective times
associated with the two verbs and the two anaphoric relations
that the action “donner un livre” took place at a moment t=X
and the action “perdre le livre” took place at a moment
t=X'=X.

Apart from exceptions which constitute an anomaly (de-
tected 1n step 400 1n FIG. 6), a principal node belonging to a
semantic tree can only be an activity or an object originating
from the structural classes of verb and noun. However, in
some very particular cases, certain nodes of a structural n-ary
tree may not respond to this constraint. This 1s the case in

particular with the word “red” 1n the sentence “I’ll take the
red”.

As the word “red” 1s an adjective 1n this case, 1t cannot
directly create a principal node 1n the semantic tree. It can
only be in principle a value of a property (the colour) ofanoun
object to which it relates. Complementary analysis, parallel to
that which resolves the anaphors and cataphors, therefore has
to be carried out. This complementary analysis consists in
determining the objects, already itemised 1n the list of objects
of the document which 1s to be analysed, which have or has a
property of the same type as that associated with the word
causing the problem. In the example in question, this property
1s the colour. Then, the objects determined 1n the list are
subjected to the semantic constraints carried by the main
verb, 1n this case the verb “to take”. The value “red” 1s then
assigned to the property “colour” of the compatible object,
which then constitutes a node that 1s allowed to be integrated
in the semantic tree of the sentence to which 1t belongs.

The problem of semantic compatibility mentioned above
will now be described in more detail with reference to FIGS.

14 to 16.

FI1G. 13 shows an n-ary tree corresponding to the sentence
“Augmenter le volume de la base xx de yy Go” [“Increase the
volume of the base xx by yy Go”}. The ambiguities are
materialised here in the structural n-ary tree by stylised Ts
placed level with the words “base” and “Go” (standing for
“G1ga octet™).
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A first semantic pre-analysis shows that the semantically
pertinent words, 1.e. those which arise from the environment
modelled, are here “augmenter”,
“Go” and “yy”.

If in doubt, unknown words such as “xx” or “yy” are
preferably retained during the semantic filtering of the docu-
ment being analysed.

The semantic compatibility relations are governed for

example by two types of compatibility rules known as C,* and
C

22 &G 22

volume”, “base”, “xx”,

5.

The type C,”* compatibility rules apply to two nodes which
are directly connected, 1.e. wherein the connection (or attach-
ment) does not comprise an intermediate node. This 1s the
case for example with the words “augmenter” and “volume”.
The connection may however include translatives (stylised
T's) such as 1n the case of the words “volume™ and “base”, for
example.

These type C,* compatibility rules are divided into two
groups.

A first group relates to compatibility based on agent/se-
mantic diagrams which the language allows to be degraded by
replacing an object node (NO) such as a noun with another
object node compatible with the first one within the frame-
work of metrics.

An agent diagram (or connection potential) describes all
the connections (hence the phrase “connection potential™)
which a verbal entity i1s liable to accept, and conditions for
their realisation. Each potential connection 1s 1identified by a
connectional characteristic, such as for example those desig-
nated Actl, Act2 and Det 1n FIG. 8). Moreover, each potential
connection comprises a variable number of structural and/or
semantic constraints (for example, the potential connection
Actl of a verb can only be provided by a noun which 1s
compatible 1n number, 1n gender and semantically).

A second group relates to compatibility based on metrics,
which preferentially constrains the connection of a node asso-
ciated with a noun (NO) to a node associated with an adjective
(NA), including nodes associated with true nouns (designated
NO®) and the other nodes associated with noun units (desig-
nated NO).

The type C, compatibility rules apply to two nodes con-
nected indirectly, 1.e. wherein the connection (or attachment)
passes through at least one other node. This 1s the case for
example with the words “volume™ and “Go.”

These type C, compatibility rules are based on the param-
cters which are mvolved 1n the subsequent interpretation
made of the document being analysed. These rules are part of
the semantic tree pattern described hereinbefore in the
description of step 320 in FIG. 6.

The i1dea of metrics arises during the complementary
analysis of the semantic compatibility relations between a
noun and an adjective subordinate to 1t, whether this adjective
1s subordinate from the outset or by translation (stylised T's).

A metric 1s defined by the set of values which 1t allows
associated with a unit (and the multiples and subdivisions
thereod).

If one looks at a connection NO-NA wherein on the one
hand NA belongs to one or more metrics, 1t 1s possible to draw
up a list P, of all the properties (irrespective of the objects
which they define) with which these metrics may be associ-
ated, and on the other hand NO 1s defined by a set of properties
P, each linked to a metric. Thus, several cases may arise:
card (P ,MP,)=0 and there 1s an incompatibility between

the noun (NO) and 1ts adjective (NA),
or card (P ,MP,)=1, and the value which the adjective (NA)

constitutes 1s assigned to the property of the noun which
1s the only element of the intersection,
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or card (P ,MP,)>1, and there 1s an ambiguity, because, as
the intersection of the two sets contains a number of
clements, 1t 1s not known to which property of the noun
the value that the adjective constitutes should be
assigned.

There are two types of metrics: quantitative and qualitative.

The quantitative metrics are generally described in terms of
intension, as a subassembly that satisfies a condition, such as
for example belonging to the set of positive integers or deci-
mals. Qualitative metrics are generally described 1n terms of
extension 1n the form of a set of discrete values, such as for
example colour (red, green, yellow, blue, orange, etc.) or
beauty (beautitul, ugly, etc.).

The quantitative metrics are also distinguished from the
qualitative metrics because they allow a relation of order (the
values can be classified, which 1s not the case with purely
qualitative metrics) and they generally involve the notion of
unity (except where counting 1s mvolved).

A particular status should be provided for units and per-
centages. In fact, units respond to the problems of counting
(creating a category of absolute), while percentages make 1t
possible to create relative scales which are independent of any
unit.

For example, an exact quantitative metric may correspond
to a scale of intensity between -25 and +25, and an approxi-
mate quantitative metric may be defined by discrete values of
adjectives such as large, medium and small.

An example of the use of metrics 1s given hereinafter 1n the

case of the sentence “Create an empty base; its volume will be
3 Go”.

The word “create” (action) 1s compatible with the word
“base” (object) which is a true noun (NO®) defined by prop-
erties such as identifier, volume, content, server, etc.

The word “empty” 1s an adjective (NA) which 1s governed
by the word “base” and which must therefore be assigned as
a value to one of the properties of the word “base” (NO®). Of
the above-mentioned properties, only the properties of 1den-
tifier and content have a compatible metric. The property
identifier has the particular feature of having no precise met-
ric, as any word, existing or made up, can be used. It follows
that 1t 1s strongly recommended not to use words in current
use as 1dentifiers, thus providing a first index to resolve the
previous ambiguity. An unknown word judiciously placed in
a structural tree 1s a properly designated candidate. A second
index 1s provided by the absence of a capital letter.

It results from the foregoing that the word “empty” can
only be assigned to the property of content.

The analysis can be completed by relating the word
“empty” to a number. In fact, the metric associated with the
property of content comprises—at least—{empty, full } U[O0,

100] . .. .

Moreover, the words “will be” 1s a [complementary] infor-
mation verb, the word “volume™ 1s a property, given that the
word “1ts” relates to an object defined elsewhere (anaphoric
connection), the word “Go” originates from the very special
category of units which are necessarily associated with a
quantitative metric, and the word “3” 1s an adjective (NA) of
the number type which 1s capable of belonging to all the
quantitative metrics compatible with positive integers.

The word “3” may therefore be assigned as a value to the
word  “volume” provided that the intersection
M, , (M, MM, (wherein M_ denotes the set of all the
metrics that can be associated with x) contains one element
and one alone. In the opposite case there 1s either an 1mpos-
s1ibility 1f the intersection 1s empty or an ambiguity if there are
a number of solutions.
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When there 1s incompatibility between a noun group (or
syntagma) (SO) and an adjectival group (or syntagma) a
prior1, the metrics can supply information. This 1s true for
example of the sentence I wish to top up my mobile by two
hours”.

In this example there 1s actually an incompatibility a priori
between the word “top up”, which calls up a node associated
with a noun that carries the value of the associated adjective
(NO?) (and hence constitutes a property), and the word
“mobile”, which is a node associated with a true noun (NO®)
(and hence constitutes an object). On the other hand, in the set
of properties (P) of the word “mobile” there are some which
are compatible with the word “top up”. For example the word
“duration” is a noun (NO*) which carries the value of the
adjective associated with the word “fixed”, which 1s itself a
property ol the word “mobile”, also compatible with the
timetable metric.

Other situations give rise to ambiguities. This 1s the case,
for example, when a verbal group (or syntagma) (SI) and a
true noun NO® are connected: “turn up the music”, “turn
down the music”, or “measure the table”. To resolve this type
of ambiguity a function 1s used which, when an incompatibil-
ity appears during the verification of a direct compatibility,
reruns a compatibility test between the verb and the properties
of thenode of the agent concerned. Here, the agent 1s regarded
as a node which 1s the object of a direct connection with a
verb, which 1s itemised 1n the pattern (or agent diagram) of the
latter.

FIG. 15 schematically shows (and summarises) the princi-
pal relations between nodes associated with nouns (NO) and
nodes associated with adjectives (NA), and the 1deas attached
to then, notably the metrics, units and constraints (or rules) C1
which prohibit all the triplets (1dentifier, valuation, measure-
ment) that are not valid.

Moreover, FIG. 16 schematically shows (and summarises)
the principal relations between the categorising entities of the
object and activity type and the 1deas attached to them, nota-
bly the circumstances, modalities, properties, values and met-
I1cs.

The device D for semantic document analysis according to
the invention, and particularly its document interpreter 1D and
database BD, and possibly 1ts breakdown module MD, may
be made 1n the form of electronic circuits, software (or data
processing ) modules or a combination of circuits and soft-
ware.

Moreover, the device D for semantic document analysis
can be used 1n any application that requires reliable separation
of correctly analysed texts or messages from those which are
not, and a precise diagnosis which 1s easy to use for texts or
messages which have been incorrectly analysed.

A first application relates to tools (or equipment) for man-
aging electronic messaging, for example of the e-mail type).
The device D can 1n fact act as a filter for information by
determining whether the message that contains this informa-
tion satisfies a set of semantic criteria.

To this end, it 1s possible for example to organise the
semantic criteria into a reference supergroup defining a filter.
The supergroup resulting from the analysis of the message 1s
then compared with the reference supergroup that defines the
filter. The message analysed 1s accepted 1f the two super-
groups are compatible.

If the message supplies supernumerary information, the
device D will continue to react positively through 1ts filter,
which 1s of no importance provided that the filter supplies at
least the mnformation required by the reference supergroup.

The reference supergroups may be created from the syn-
thesis of the results of the analysis of a body of reference
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messages, thus saving the user tasked with designing the
filters from having to acquire knowledge specific to the appli-
cation; 1n fact 1t 1s suificient 1f he has an adequate mastery of
plain language to work on the body 1n question.

It 1s also possible to juxtapose a number of filters within a
single device D or parallel devices D and to couple this or
these device(s) to an interface adapted for routing, so as to
form an electronic mail manager.

A second application relates to the tools (or equipment) of
correcting spelling and/or grammar. The device D may, 1n
fact, be used on the one hand to flag up the grammatical errors
that generally result from poor application of the rules of
syntax, and then to identily the rule which has not been
obeyed and propose an amendment and, on the other hand, to
identily unknown words, while separating out proper names
and barbarisms, and then propose words which are compat-
ible for the latter. The device D actually makes 1t possible to
answer the question “which are the words which, when sub-
stituted for a wrong word, are capable of resolving an ambi-
guity or an error?”.

A third application relates to tools (or equipment) for voice
dictation. The device makes 1t possible in effect to choose a
solution from a number of solutions proposed by a voice
recognition engine.

A fourth application relates to tools (or equipment) for
generating text. The device D can 1 effect collaborate with a
text generator based for example on the so-called
“meaning<stext theory” (or MTT).

A fifth application relates to tools (or equipment) for gen-
crating summaries.

There are atleast two ways of creating a summary. The first
1s to create from all the documents a new text which i1s a
condensed version of the original with a vaniable (but gener-
ally high) “compression rate”. The second consists 1n extract-
ing the pertinent sections from an original text as a function of
criteria defined by a user.

The device D can calculate thematic resultants 1f it 1s
coupled to a hierarchisation function and 1n the presence of
linguistic markers.

A sixth application relates to search engines. Searching
textual information, be 1t on a public network such as the
internet or on a private company network, or on the hard disc
ol a personal computer, may consist 1n searching either for
factual information, materialised by a question of the type
“whatis the valueof ... ?”, orfortexts relating to a predefined
theme or subject.

In fact, in the case of factual searching, the device D can
provide a suitable semantic indexing which allows a response
to be produced directly. For example, all or some of the
information determined by a device D can be 1njected 1nto a
database, then his information can be used 1n any operation
carried out by a database management system (or DBMS),
especially indexing. Moreover, this would make 1t possible to
use requests expressed in plain language, with no restriction
as to the language used (1n the case of a multilingual version).

The device D can also be used, when searching for texts on
certain subjects, to calculate distances on the basis of the-
matic resultants, and then to propose a list of pertinent docu-
ments as a function of these calculations. This type of func-
tioming could be enriched by implementing an accuracy level.

This application may be extended to the administration of
document bases for the purpose of enriching them, given that
the device D can assist with the compiling of the indexes
needed for the satisfactory operation of a search engine.

A seventh application relates to multilingual translators.
The device D can provide a quick and reliable semantic text
analysis, which resolves ambiguities of translation. Only the
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use of all the information contained in a text can in fact
guarantee a pertinent translation, 1.e. a translation that
respects the meaning carried by the original text as far as
possible.

The invention 1s not limited to the embodiments of devices
for semantically analysing documents described hereinbe-
fore, purely by way of example, but encompasses all the
variants that may be envisaged by the skilled man within the
scope of the claims that follow.

The invention claimed 1s:

1. A device Device (D) for semantic analysis of documents,
comprising

a computer device, a structural and semantic database (BD)
and a document interpreter (ID) arranged so as to deter-
mine whether a document has a meaning, using said
database, characterized 1n that the document interpreter
(ID) comprises:

an n-ary tree controller (GAN) arranged to construct a
structural n-ary tree from a breakdown of a document
which 1s to be analyzed into an ordered series of verbal
entities and structural and/or semantic constraints
selected from and defined in said database (BD), the
structural n-ary tree comprising a root node formed by a
primary governing verbal entity, and structures formed
by a secondary subordinate verbal entity and attached
either directly or indirectly to the root node by a link
having at least one connectional characteristic, a second-
ary subordinate verbal entity being in turn capable of
becoming a governing verbal entity,

a semantic tree controller (GAS) arranged to determine, at
least from the structural n-ary tree and the database
(BD), categorizing entities of an object type and activity
type, activated by certain nodes of the n-ary tree, for
constructing a semantic tree provided with principal
nodes made up of the categorizing entities of object and
activity and linked by semantic relations arising from
connectional characteristics of said n-ary tree and with
which attributes are associated as a function of the char-
acteristics of other nodes of the n-ary tree and their
respective links;

wherein the document interpreter (ID) comprises a binary
tree controller (GAB) arranged to construct a structural
binary tree from said breakdown of a document 1nto an
ordered series of verbal entities and structural and/or
semantic constraints selected from and defined in said
database (BD), the structural binary tree comprising
leaves, each associated with a verbal entity of the series
and constituting one of two son nodes attached to a
father node, and a root node, constituting a father node
and associated with all or some of the verbal entities 1n
the series, and 1n that said n-ary tree controller (GAN) 1s
arranged to construct each n-ary tree from a structural
binary tree.

2. The device according to claim 1, wherein the document
interpreter (ID) comprises a decomposition module (MD)
arranged to break down each set of data defining a document
which 1s to be analysed into an ordered series of verbal enti-
ties.

3. The device according to claim 1, wherein the document
interpreter (ID) comprises a semantic analyser (AS) arranged
to determine the semantic compatibility relations between
principal nodes of the object type and/or principal nodes of
the activity type of at least one semantic tree.

4. The device according to claim 3, wherein that the seman-
tic analyser (AS) 1s arranged to determine the relations
between principal nodes of at least one semantic tree, selected
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from a group comprising a spatial, temporal, causal, ana-
phoric and cataphoric relation.

5. The device according to claim 3, wherein that the seman-
tic analyser (AS) 1s arranged to carry out a diagnosis relating,
to the analysis of a document and to deliver a message con-
veying results of the diagnosis.

6. The device according to claim S, wherein that the diag-
nostic message contains iformation selected from a group
comprising a list of difficulties encountered during the analy-
s1s of a document, different possible interpretations of a sen-
tence, at least one unknown word, at least one grammatical
error, at least one error of construction, at least one nonsen-
sical 1item, and a list of unresolved ambiguities.

7. A method of semantic analysis of documents, compris-
ng:

constructing a structural n-ary tree from a breakdown of a
document which 1s to be analyzed into an ordered series
of verbal entities and structural and/or semantic con-
straints, the structural n-ary tree comprising a root node
formed by a primary, governing verbal entity and struc-
tures formed by a secondary subordinate verbal entity
and attached either directly or indirectly to the root node
by a link having at least one connectional characteristic,
a secondary subordinate verbal entity being in turn
capable of becoming a governing verbal entity,

determining, at least from the structural n-ary tree and
structural and semantic data, the categorizing entities of
an object type and activity type activated by certain
nodes of the n-ary tree, for constructing a semantic tree
provided with principal nodes consisting of the object
and activity categorizing entities and linked by semantic
relations arising from the connectional characteristics of
the n-ary tree and associated with attributes that are a
function of the characteristics of other nodes of the n-ary
tree and their respective links;
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wherein belfore constructing an n-ary tree a structural
binary tree 1s constructed based on the document break-
down 1nto an ordered series of verbal entities and struc-
tural and/or semantic constraints, the structural binary
tree comprising leaves, each associated with a verbal
entity 1n the series and constituting one of two son nodes
attached to a father node, and a root node, constituting a
father node and associated with all or some of the verbal
entities 1n the series, and 1n that each n-ary tree 1s con-
structed from a structural binary tree.

8. The method according to claim 7, wherein before con-
structing a binary tree or an n-ary tree, each set of data
defining a document to be analysed 1s broken down into an
ordered series of verbal entities.

9. Method according to claim 7, wherein the semantic
compatibility relations between principal nodes of the object
type and/or principal nodes of the activity type of at least one
semantic tree are determined.

10. The method according to claim 9, further comprising
determining whether the document analysed has a meaning
by determining the relations between principal nodes of at
least one semantic tree, selected from a group comprising a
spatial, temporal, causal, anaphoric and cataphoric relations.

11. The method according to claim 7, wherein after having
constructed a semantic tree a diagnosis 1s carried out relating
to the analysis of a document and then a message 1s delivered
that conveys results of said diagnosis.

12. The method according to claim 11, wherein the diag-
nostic message contains iformation selected from a group
comprising a list of difficulties encountered during the analy-
s1s of a document, different possible interpretations of a sen-
tence, at least one unknown word, at least one grammatical
error, at least one error of construction, at least one nonsen-
sical 1item, and a list of unresolved ambiguities.
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